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Invasive Property of Brain Tumor Cells 
TEIZO 0Kl： ~t URA 
Department of :¥eurosurgery, Faculty of 入ldicine,Kyoto Uni、・ersity
(Director: Prof. Dr. HARUHIKO KIKUCHI) 
Histological diagnosiメofmalignant brain tumors can be predictive for the prognosis, but 
clinical courses in some cases may be variable due to their heterogeity of tumors. :¥falignant 
brain tumors, which rarely metastasize to distant organs, are deleterious mainly because of 
their invasive property in addition to the growth pressure. It is di伍cultto examine the invasive 
property in the two dimensional culture system such as monolayer culture. In order to investi-
gate brain tumor invasiveness，“invasion test”was modified and established. 
In the first, invasive property of 4 rat neurogenic cell lines (T 1, 9L, T 1A、TiB)were examined 
using modified“invasion test" The new procedure were characteristic in the prepar川 ionof 
multicelular tumor spheroid, which were made from colonies consisting of 20-30 cells by shaker 
culture at 100 rpm. By these modification the spheroid was able to be obtained constantly in 
shape and size. On the other hand pulsating heart tissues were obtained from 9 day-old chick 
embryo and minced into small fragment, then cultured in the shaker at 180 rpm. Spheroid 
and precultured embryonic chick heart (ECH) fragment were confronted and attached on 
semisolid agar medium for 2 hrs and then cultured on a gyratory shaker at 100 rpm until 7 days. 
The invasiveness was examined with hematoxylin-eosin staining and immunostaining using 
anti-ECH antibody. All examined cell lines were able to form spheroid and highly invasive 
by invasion test. 
After establishment of this invasion assay, this was applied to analyze the invasiveness of 
human brain tumor specimens. Eighty seven 仁川e~ ， consisting of 58 glicmas, 6 metastatic 
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brain tumors喝 10meningiom川匂 4neurinomas, 1 melanoma, 2 craniopharyngiomas, 1 chemo-
dectoma and 1 pituitary adenoma. were investigated. Since gliomas were main target to study, 
they were more extensively studied and focused than other tumors. As it was dif五cultto get 
刈伍cientnumber of spheroid from human brain tumors in al cases、mincedtumor fragments 
about 300 500 ,um in size was used. About astrocytomas, which were characteristic of invasive 
growth, traditional histological diagnosis and invasivenes in this SJ',tem were wel correlated in 
almost al low grade astroηtomas and in 75% of high grade astrocytomas. But discrepancy 
between histology and invasiveness w剖 observedin 25% of high grade astrocytomas. 
Although c仔（＇（＇ぉ ofprotease inhibitors on the brain tumor growth and invasion were 
ピxamined,it was very much di伍cultto explain the mechanism of invasion in simple theory. 
In 10 cases proliferating山、tivitvindicated by Brd Lマ（bromodeoxyuridine)labeling index 
(LI) was examined, but no correlation between LI and invasiveness was observed. 
The correlation between invasiveness and prognosis is an important subject and must be 
evaluated by many factors including histological apperan何，proliferativeactivity and invasiveness. 






































① T,, T,A, T,B: ethylnitrosoureaで沈発されたラッ














Dulbecco’s modi凸edeagle !¥IEM (m1mmum essen-
tial medium) （臼水）に Q.1 g/ I streptom、cinsulfate 
（明治製薬）および penicillinG potassium （万有製薬）























させた．上層 agar は 20~わFCS 加培養液を含む0-3？ぢ
の semi-solid agar を用いた． 寒天は BACTO-
ーー 「 「ででo-1.3% AGAR <CONTAINING旺OIUM川TH20みFCSl













COLC刷y( c側TAINING20-30 CELLS) 
INCUBATED AT 37・CF侭 7-140AYS
側 AGYRATORY SHAKER 
SPHEROID < 0. 3・0.5M附 IN DIAMETER! 
Fi~. 1. Spheroid preparation from colony. Colonies・;ireformed by soft-.1日川 overlayermethod. 
Thirty microliters of single cell suspension [1×106/ml] is seeded on O. 5Q6 agar l川 H
and overlayered with O. 3.% semi solid agar. After 2-4 d＇明 incubationcolonies con-
sisting of 20-30 c どlsare formed. Colonies are incubated at 37'C for 7-14 days on a 
gyratory shaker ~t 180 rpm. 
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invasiveness を評価する recipientとして brain
tissueを用いるべきであるが，考察で述べる理由のた










Q.35¥ AGAR (CONTAINING －－－，町、「一－
MEDIUM凶ITH20~ FCS> 一一ー ーー ー－＋ I 
?????????????????
CONFRONTED AND ATTACHED TO EACH 
OTHER ON A SEMI-SOLID AGAR (2HRS. l 
INCU!lATEO AT 37・c
ON A GYRA TORY SHAKER 
FIXED AND STAINED WITH H-E 
Fi~. 2. Invasion t引 t. A tumor fragment (spheroid or min山 ιltumor block) and a fragment 
of precultured em I ir、unicchick heart (ECH) arc confronted and atached on semi-solid 
(O. 3590) agar for 2 hrs. Iいじhfu"・d tissue is incubated at 37。Cfor 7 days on a gyra-
















以上にて行い， 1日目， 3日目， 5日目， 7日自に固定
し連続切片およびミラー切片法lζて HE(hematoxy-
Jin eosin）染色および抗 ECH 抗体を用いた染色2・21.





Table 1. Classi日cationof grades of invasivenes. 
GRADE HISTOLOGICAL APPEARANCE 
0 No attachment of T to ECH is observed. 
(including separation of once fused tissue 
in shaker culture within 24 hrs.) 
日
T is invaded ( I a)or surrounded ( I b)by 
ECH. 
T and ECH are fused 品rmlybut their 
interface is not dister bed. Both of them 
do not invade into each other. 
皿 Theinterface of fused tissue is disturbed 
and interaction is observed. Both tissues 
are viable equally, but五broblastoid outer 
layer of ECH is going to disappear. 
N ECH is surrounded or invaded by T. 
Fibroblastoid outer cel layt'r of ECH is 
going to disappear. 
Na: ECH is surrounded by T without apparent 
mvas10n. 
Nb: ECH is invaded by T and is destroyed 
and replaced. The degree of invasion is 
below 50第 on7th day. 
N c: ECH is invaded !iv T signi日cantly. Its 
degree is above 505'ぢon7th day. 
T: tumor fragment 





@ ）~「⑧も ＿xGRADE IV 
Fig. 3. Schematic presentation of grades of tumor 
invasiveness. T: Tumor fragment. ECH 








階lζ分類した．すなわち grade Iは ECHの五bro-
brastoid celが逆に腫場組織を取り囲む＼lb）か，浸潤
を示すもの（la）・grade日は両者がく っついているが，
境界明瞭で EC!Iの最外層の凸broblastoidcell layer 
が保たれているもの.grade mは両者の境界が乱れ，






















(ethyl-4-(6-guadinino hex：川町、，loxvJ benzoate met ha 
ne sulfonate，以下（；＼＇［）および aprotinin（以下 AP)
を用いた．
② cel growthへの影響（invitro) 
題蕩細胞としてラッ ト脳腫蕩細胞株 T1と 9Lを用
い，これらのプレート上での成長iζ及ぼす（ι，G¥I,
《，＼］＇の影響について検討した. 96孔フ。レ一卜 （（‘ I]
NINGJ Iζ250個／、
~I~弗jを添加した. CEは10-1および10-2希釈，（山Iは
10一九10-3,10-5mg/ml, APは103,10, lQ Iじ’mlの各








10, 10-1, 10-3mg/mlの3種類である．すなわち， i)
control群 i)OPのみ ii)IPのみ ivJL のみ v)









8) BrdU labeling index (LI) 

















の平均を求めた． LI（忽）＝numberof labeled cells" 






















2 3 (weeks) 
Fig. 5. Comparison of spheroid formation between 
spinner flask method (open circle) and our 
method from colonies (closed circle). Dia-
meters of spheroid are plotted by mean± 
SE (a: T1, b: 9L). Spheroid growth are not 
different signi日cantlybetween two method, 
but in our method diameter of spheroid is 
not scattered. Rates of spheroid formation 
is indicated in c (T1) and d (9L). Although 
no signi品cantdefference is observed, the 
harvest rate in our method is usually su-













方法での spheroid形成能は1,2, 3週目でも（70,90, 
100.Sぢ），T1A(70, 80, 100~仇 T1B(80, 100, 100~ぢ）9L(70, 
80, 90%）であり， plate上での doublingtime T1 16. 5 

















ており（adherence( + ），引き続き 100rpmで振盤培養
しでも24時間以内lζフラスコ内で分離するものはなか
Table 2. Sni•d invasiveness of 4 rat neurogenic 
cel lines. 
days 


















































(n)=number of samples 





Fi邑.6. Precultured eml,ryonic chick heart fragment (ECH). a & b: scanning electron 
microscopic appearancι （bar indicates 50,u (a) and 5μ (b）・ c light microscopic 
appearance （×100). ECH is al¥'ays covered 1nth五broblastoidcell lal'er. 
S"rial photographs of T1B spheroid inva日on.(ECH fragment is stained dark lw川、ti-ECHantibody. 
aι：b on 1st day, c & d: on 3rd day, e & f: on 7th day, a, c,e：×10, b, d, f：×25). On 
the 1st day tumor sph"roid begins to surround ECH but日broblastoidcel layer isstil preserved. 
(l1 the 3rd day ECH is surrounded completely by tumor cells and五broblastoidcell !aver has 
disappeared. ( l11 the 7th day tumor cells significant！γinvade into ECH, which iお destrnv"dand 
dcμ"""r:1t1,d (JV c). 
p、U'"l 
語鎖寄Q 
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( I ) 
浸潤能から見た脳腫蕩細胞の動態 577 
H S、TO、~OG:NVAS、V、E、NESS 日。 Il m 
I• lb IV• l、b IVc 
1-D ． ．． ． ． 
ASTROCYTOMA 
－・













MEDULLOBLASTOMA ． ． ． 
RADIAτION ． NECROSIS 
Fi~. 9. Correlation between histology and invasiveness in 57 human gliomas. Almost al low 
grade astrocytomas show low invasivenes. In high grade astrocytomas correlation 
between h目tologyand invas附 nessis obserbed in 75必 ofthem, but discrepancy is 
seen in 25必 ofthem. Three cac引 ofoligodendrogliomas show low invasiveness. 
Four ependymomas, al of which have malignant histological features, are highly 
invasive. Four cases of medulloblastomas have moderately invasive property. 
った.4種類のラット脳腫場株での経時的な浸潤度を
Table 2 ir:示す.T1は1日目で既に ECHの最外層を














(1) glioma (Fig・8および 9)
invasion testを行ったグリオ－＜は astrocytoma48 
例， oligodendroglioma 3例， espendymoma5例，
medulloblastoma 4例の計61例である． astrocytoma 
は Kernohanの分類24)lL基づき lowgrade astrocyto-
ma(!-!l）と highgrade astro円toma(Il-IV) I二分け
て検討した．
① astrocytoma 
low grade astrocytoma 8例中 invasivenessEが1
例のみて他の7例は低い浸潤能しか示さなかった．
gradeの高い astrocytoma40例中75%の症例では








3例の oligodendrogliomaのうち 1例が invasive-
ness !l, 2例がい であり， いずれも低い浸潤度しか
示さなかった．
一一一一一 一一一一一Fi~・ 8. Typical invasive patteerns in human gliomas. (S1 x cases on 7th day are presented・）・a& b: Tumor 
tissue is surrounded by precultured embryonic chick heart (ECH）・（ Ib). c & d: Tumor fragment 
and ECH fuse tigh伽山tinterface bet¥Tc'n tumor tissue and ECH is not di山由ed.(!IJ. e & f: 
ln凶 digitationbetwe~n tumor tissue and ECH is observed. （皿）. g & h: Although ECH is 
surrounded completely by tumor tissue, the interface is not disturbed. (IV a). i & j: The interf則元ce
is disturbed and tumor cell invade into ECH. (l¥/b）ー k品： 1: Invasion of tumor cel into ECH is 
signi凸cantand ECH is degenerated. (l¥/c). 
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(3）髄膜腫
10例の髄膜腫では，invasivenes 卜 IIC属する 6{¥1] 
はどちらかというと whorl formation が著明で
psammomatous bodyを認めるものが多かった一方，



























た.( I a) 
(2）転移性脳腫場
6例の転移性脳趨場のうち5例は原発巣が肺癌（い
ずれも adenocarcinoma）で， 1例は hepatoblastoma
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l':ffnts of protease inhibitors (Pl) on '1'1 cell growth. (C‘E: cartilage L'Xlrnct, GM 
gabexate mesillate, AP: aprotinin) All of them inhibit cell growth on monolayer 
culture dose dependently. The Cell number is significantly different 川 96hrs. 
72 48 24 96 (HRS) 72 48 24 
Fig. 10. 
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10-2 lQ I 10-3 
CE 
103 10 5 10-1 




(indicated by T /C %: treatment group/controll group×100，ι＂E: cartilage extract, G¥・I 
mesillate, AP: aprotinin) All protease inhibitors supress the cel growth of T1 and gL. 




















































































仔ーo10 (mg/ml) 1 
e---e 10一・ IGM ⑮ 






Effects of protease inhibitors on tumor growth of subcutaneously inoculated brain 
tumors in rats. Macroscopic total removal (Op) group is not signi自cantlyexcellent 
compared with control group. In GM administration with or without Op, only ・1high 
dose (lOmg/ml) administration signi品cantlysuppressed tumor growth. (ip: intraperi-
toneal administration, I: local administration) 





日， 10-5mg/mlで田） CEおよび川》投与ではいず く充分な spheroidを回収することができなかった．
れの濃度でも腫場組織は ECHを取り囲んでいるが， このため軟寒天重層法による colonyから spheroidを
浸潤は抑制されていた.(Na）薬剤および濃度にもよ 作成したところ満足すべき spheroid形成をみること
るが， 蛋白分解酵素阻害剤は invasiontestでの腫蕩細 ができた．すなわち増殖の旺盛な colonyを核にして
胞の浸潤を抑制した． 振替2培養してやると lOmlのフラスコの中に 1-3個の
い LIと invasivenessの比較 spheroid を確実に作成するζとができる． 目的とす
10症例の結果を［LI(mean，ちろ）・invasi町 ness］のよ る実験iζ必要な数lζ合わせて準備ができ，さほど煩雑
うに表示する.low grade astrocytoma 3例（5.2・ I, 7. 2 な操作も必要としない．樹立細胞株で colony形成能
• I，く1・I],glioblastoma 2例［15.3・m,7.7・Nb], をもっ腫毒事なら， 100%の確率で本法によるspheroid
oligodendroglioma [ < 1・Ib ］，転移性脳腫蕩（4.4・il], の作成が可能であった．
髄膜腫（3.2 • IV c］，神経鞘腫2例［くl・!Ya,<l・恥 invation testの種々の至適条件を検討したのは







中枢神経系の悪性腫蕩が神経管外へ転移することは稀 耐えられず， かっ ECHのよ うな barrierとしての
であり，周囲脳組織に浸潤性に発育する乙とが悪性像 五broblastoidcel lawrは形成されなかった．さらに最
の大きな特徴のーっとなっているあ41>43品 58>59人したが もコ ンスタ ント！と入手できるものとしてニワトリ飴児
って，悪性脳腫療の治療に際して，この浸潤能の検討 の心筋組織を選択したが，乙れは MareeIの結果と同
は重要である． じであった.recipientとしての ECH組織塊について
三次元の培養系（threedimensional culture system) は， Kieler＇へ M</>rいυらも報告しており，あらかじめ
で悪性腫湯の浸潤能を調べたのは1958年の L目ghton 培養した心筋塊の最外層には平らな線維芽細胞様の細
らがはじめてであり， 以！？之多くの報告がみられるわ10. 胞が被膜のように存在し， これが浸潤に際し一種の
1>12.20・29.31・品仙63.64.70＞.これらのモデルも近年改良が加 barrier になっていると考えられている．
えられ，そのひとつとして腫場塊と心筋塊を混合培養 invasion testの方法として我々は， recipientの形
したのち振盟主培養する invasiontestも確立されてきた 態， 培養液の条件，回転速度について検討を加え，本
帥山2s.3,34,35,4j,42,43l. 腫場細胞が周囲組織に浸潤し転 報のような条件としたが結果的にこれらは Mareelの
移していく過程については，①腫蕩細胞の遊離（separa・ 綜説叩と同様であつたので，その詳細は省略する． ま






のが invationtestである． 主なものとして①growthpressure （細胞増殖に伴う機
腫蕩塊として用いられる spheroidは単層培養時の 械的圧迫）②separation 川、来の組織にとどまらず遊
腫蕩よりも invivoの腫携に近いモデソレとして1971年 離していくこと）③locomotion （細胞の組織内移行）
に Suther］日d らが確立したものである65•67>. spheroid ③destruction of host tissue （蛋白分解酵素などの関
の作成方法としては， single cel suspention から 与） @phagocytosisなどがある＇°＇＂＇ .しかし，浸潤の
































BrdU labeling index (LI）を増殖能の目安とし悪性度
の評価を試みる報告が散見されるカ）S.Js,45,45》， ζれは
従来の 3Hthymidine による LI22》と相関するもので
ある． 我々のシリーズで LIを検討できた astro-






































としては， 軟骨抽出物質（CE),gabexate mesilate 
(GM）および aprotinin(AP）を用いた. CEは三種
の異なった分画， すなわち collagenaselζ対する分画
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